In response to pandemic (H1N1) 2009, data were collected on work status and industry of employment of 3,365 adults hospitalized with laboratory-confi rmed infl uenza during the 2009-10 infl uenza season in the United States. The proportion of workers hospitalized for infl uenza was lower than their proportion in the general population, refl ecting underlying protective characteristics of workers compared with nonworkers. The most commonly represented sectors were transportation and warehousing; administrative and support and waste management and remediation services; health care; and accommodation and food service.
A lthough the Occupational Safety and Health Administration, Department of Labor, and the National Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control and Prevention (CDC), have issued guidance to assist workplaces in responding to infl uenza pandemics (1, 2) , more information is needed about which specifi c groups of workers are at highest risk for acquiring or having complications from pandemic and seasonal infl uenza. Specifi cally, this information is needed for recognizing and responding to increased risks for infection among key occupational groups (e.g., health care workers, school teachers, retail and food service workers, and others with substantial exposure to the general public); informing persons who develop guidance for key policy questions, including the prioritization of groups to receive vaccine, school closing policies, and appropriate personal protective equipment use; and providing data that might trigger more in-depth case studies of clusters of disease occurring among specifi c workers.
During the infl uenza (H1N1) 2009 pandemic, NIOSH explored multiple sources of data on the occupations of affected persons. The occupational distribution of all confi rmed (H1N1) 2009 pandemic infl uenza case-patients from 4 states during the early phase of the pandemic (AprilJuly 2009) has been reported by Suarthana et al. (3) but as the pandemic progressed and case counts rapidly increased, it became impossible to collect occupational information on all case-patients.
Thus, during the fall wave of the pandemic, NIOSH worked with the CDC Emerging Infections Program (EIP) to collect data on the industry and occupation of the subset of adults hospitalized with laboratory-confi rmed infl uenza. Hospitalized case-patients, many of whom have underlying medical risk factors for severe disease, are not representative of all persons who acquire infl uenza. Thus, studying them provides little insight into the risk of acquiring infl uenza. However, examining the distribution of industry of employment of these persons provides some clues about specifi c groups of workers that might be most commonly affected by severe infl uenza.
Methods

EIP Data for Hospitalized Infl uenza Case-Patients
The EIP is coordinated and funded by CDC. It consists of a network of 10 state health departments (California, Colorado, Connecticut, Georgia, Maryland, Minnesota, New Mexico, New York, Oregon, and Tennessee) and their collaborators in local health departments, academic institutions, other federal agencies, and public health and clinical laboratories. The network comprises a catchment area of ≈16.8 million persons >18 years of age. The population studied by the EIP is roughly representative of the US population on the basis of demographic characteristics such as age, sex, race, urban residence, and population density and percentage at or below the poverty level. During the 2009-10 infl uenza season (September 1, 2009−April 30, 2010), the 10 EIP sites performed active population-based surveillance for laboratory-confi rmed infl uenza-related hospitalizations (see www.cdc.gov/ ncpdcid/deiss/eip/index.html for information about EIP). This period coincided with circulation and dominance of the pandemic (H1N1) 2009 virus strain. Institutional Review Board approval for EIP adult infl uenza-associated hospitalization surveillance activities during the 2009-10 infl uenza season was obtained from all sites, including CDC.
As described elsewhere (4), cases were defi ned as persons >18 years of age hospitalized for community-onset, laboratory-positive infl uenza infection. Case-patients were residents of the defi ned EIP catchment areas and were admitted to a surveillance-area hospital during the infl uenza season and within 14 days of receiving a positive infl uenza test result. Laboratory confi rmation of infl uenza was obtained by virus culture, immunofl uorescence antibody staining, reverse transcription PCR, or a commercially available rapid diagnostic test. Written documentation of a positive infl uenza test result in the medical chart was acceptable as evidence of laboratory confi rmation. Persons who had positive results for infl uenza >3 days after hospital admission were considered to have nosocomial infl uenza and were excluded from this study. Staff at each EIP site identifi ed cases by contacting hospital laboratories, medical records departments, and infection control practitioners, and by reviewing databases of state-reportable conditions.
Once a person who met the surveillance case defi nition was identifi ed, his or her hospital medical chart was abstracted and a standardized data collection instrument was completed. The instrument included a question about employment in selected health care occupations and an open text fi eld to record other occupational information.
NIOSH received a deidentifi ed dataset of 4,511 hospitalized cases of infl uenza from the 2009-10 infl uenza season from the CDC Infl uenza EIP program, as of May 18, 2010. One hundred forty-eight (3.3.%) case-patients were excluded from analyses because of incomplete data collection. An additional 11 (0.2%) case-patients were excluded because they were hospitalized outside the EIP catchment area, although they resided in a catchment area. We classifi ed case-patients by work status (worker, nonworker, or unknown). Nonworkers included students, homemakers, retired persons, disabled persons, and nonworkers not elsewhere classifi ed. Nonworkers not elsewhere classifi ed included occupation text entries of none, not employed, unemployed, incarcerated, and homeless. All nursing home residents, regardless of occupational information recorded, were grouped with disabled persons because of their similar high prevalence of underlying medical conditions. If the text fi eld for occupation was blank or indicated that the work status of the case-patient was unknown, we classifi ed the work status as unknown. Trained NIOSH coders used responses to the health care worker question and occupational text entries to assign 2-digit codes for industry sector from the North American Industrial Classifi cation System (5) and 2-digit codes for occupational group from the Standard Occupation Classifi cation system (6) to the workers.
The EIP data collection instrument also included information about several underlying conditions associated with increased risk for infl uenza (asthma, cystic fi brosis, other chronic lung disease, chronic cardiovascular disease, renal disease, chronic metabolic disease [including diabetes], hemoglobinopathy, neuromuscular disorder, diagnosis of cancer [excluding nonmelanoma skin cancer] in the past 12 months, immunosuppressive condition, seizure disorder, Guillain-Barré syndrome, lymphoma or leukemia, cognitive dysfunction, pregnancy, and obesity). The EIP program does not collect any data on tobacco use, socioeconomic factors (e.g., income), or access to primary care among hospitalized infl uenza case-patients.
National Health Interview Survey Reference Data for Employed US Population
Reference data for the employed US population was obtained from the 2010 National Health Interview Survey (NHIS) public use dataset (www.cdc.gov/nchs/nhis/quest_ data_related_1997_forward.htm). The NHIS is a crosssectional in-person household survey conducted annually by the National Center for Health Statistics, CDC. Data are collected on the civilian noninstitutionalized population of the United States, and thus exclude persons in long-term care facilities (e.g., nursing homes), correctional facilities, active-duty Armed Forces personnel (although civilian family members are included), and US nationals living in foreign countries. The survey uses a multistage clustered sample design with oversampling of black, Hispanic, and Asian persons and produces nationally representative data on health insurance coverage, health care access and use, health status, health behavior, and other health-related topics.
Data Analyses
The proportions of adults hospitalized for infl uenza (EIP cases) by employment status were compared with expected proportions in the US population according to the 2010 NHIS, by age group. Among employed adults hospitalized for infl uenza, the proportions employed in each industry sector were compared with proportions of the US population employed in each industry sector. Ratios >1.0 indicated overrepresentation of an industry sector in the EIP dataset compared with what would be expected if workers from all industry sectors had the same risk for hospitalization because of infl uenza, which would lead to equal distributions of industry sectors between the 2 datasets. Confi dence intervals were calculated by using the χ 2 statistic to approximate the Poisson distribution. We also used data from the 2010 NHIS to estimate the proportion of US adults employed in each sector who reported >1 underlying medical conditions, were current smokers, had relatively low annual earnings (<$35,000), and had a usual place to go for health care. We included health conditions reported in the NHIS that most closely matched the underlying health conditions for which data were collected in the EIP infl uenza study (i.e., asthma, emphysema, chronic bronchitis, cardiovascular disease [hypertension, coronary heart disease, angina, history of myocardial infarction, other heart condition, and/ or history of stroke], renal failure, diabetes, diagnosis of cancer [excluding nonmelanoma skin cancer] in the past 12 months, epilepsy, pregnancy, and obesity [body mass index >30]). These estimates provide some group-level background information about underlying characteristics of workers employed in each industry sector that might affect their risks of hospitalization because of infl uenza (4, (7) (8) (9) (10) (11) (12) .
Data analyses were performed by using SAS version 9.2 for Windows (SAS Institute, Cary, NC, USA). To account for the complex sampling design of the NHIS, all analyses of NHIS data were completed by using SAS survey procedures appropriate for complex samples and sampling information included in the public use dataset. Estimates based on NHIS data with relative SE >30% are not presented because of low reliability/precision.
Results
Data were available for 4,352 case-patients who had laboratory-confi rmed infl uenza and who were hospitalized during September 1, 2009-April 24, 2010. Of these casepatients, 3,365 (77.3%) had adequate information recorded to classify them according to work status: 1,283 workers, 96 students, 86 homemakers, 472 retired persons, 535 nursing home residents and disabled persons, and 893 nonworkers not elsewhere classifi ed.
Overall, workers represent a much lower proportion of EIP hospitalized infl uenza case-patients compared with their proportions in the general US population according to NHIS data for every age group (EIP:NHIS ratio range 0.61-0.66) ( Table 1) . A total of 1,070 (83.4%) current workers were assigned 2-digit North American Industrial Classifi cation System industry codes. Industry sectors with overrepresentation among hospitalized infl uenza casepatients (EIP data) compared with the 2010 NHIS reference population data were transportation and warehousing (ratio 1.53, 95% CI 1.18-1.94), administrative and support and waste management and remediation services (ratio 1.51, 95% CI 1.18-1.91), health care (ratio 1.47, 95% CI 1.26-1.70), and accommodation and food services (ratio 1.35, 95% CI 1.10-1.65) ( Table 2) .
In general, industry sectors with the highest prevalence of underlying chronic medical conditions (per NHIS, e.g., social assistance, public administration) were not overrepresented in the EIP database (Table 2 ). For every industry sector, the proportion of workers with underlying medical conditions among hospitalized infl uenza (EIP) case-patients was higher than the proportion of workers in the general population (NHIS) with underlying medical conditions ( Table 2 ). These ratios varied by industry sector, but neither the industry sector with the highest proportion of workers with underlying medical conditions among hospitalized infl uenza case-patients (education services) nor the industry sector with the highest ratio of casepatients with underlying conditions compared with workers in the general population with underlying conditions (arts, entertainment, and recreation) were overrepresented in the EIP database (Table 2) .
According to the 2010 NHIS reference population data, some industry sectors overrepresented in the EIP database had a higher prevalence of demographic characteristics that might place them at increased risk for infl uenza-associated hospitalization. For example, the accommodation and food services industry sector had the highest prevalence of current smokers (30.9%) and workers with relatively low earnings (<$35,000 per year) (92.3%) ( Table 2) . With regards to health care access, the industry sectors with the lowest proportion of workers who report having a usual place to go for health care (other than an emergency department) include accommodation and food services (63.9%) and administrative and support and waste management and remediation services (67.7%) ( Table 2 ).
Discussion
Pandemic (H1N1) 2009 virus, which emerged in April 2009, resulted in substantial illness and deaths among working-aged adults. As reported, cumulative rates of laboratory-confi rmed, infl uenza-associated hospitalizations in EIP sites were 2.4/10,000 population for all persons 18-49 years of age during August 30, 2009-March 27, 2010, which was ≈6× higher than the infl uenza-associated hospitalization rate for this age group in 2008-09, when seasonal infl uenza (H1N1) virus was the predominant strain (13) .
We found that workers made up a much lower proportion of EIP hospitalized infl uenza case-patients than the general US population. This fi nding was not unexpected because of favorable underlying characteristics of workers compared with nonworkers, such as younger age and lower prevalence of diagnosed underlying medical conditions, which make workers less likely to be hospitalized for infl uenza. Furthermore, among workers, certain industry sectors are overrepresented in the EIP dataset than what would be expected if workers from all industry sectors had the same risk for hospitalization for infl uenza, suggesting that the risk for severe infl uenza varied among different groups of workers during the 2009-10 infl uenza season.
To date, most evaluations of work-related risk for infl uenza have focused on health care workers (14-17). There is some evidence that household exposures are more predictive of infl uenza infection among these workers than occupational exposures (16) , but there is also evidence that occupational acquisition occurs (14, 17) . We found that persons working in the health care industry were overrepresented among hospitalized persons with infl uenza compared with what would be expected if workers from all industry sectors had the same risk for hospitalization because of infl uenza. However, health care workers were not the only worker group overrepresented. Although the ratios were only modestly increased, these results suggest that groups of workers other than those employed in health care may also be at increased risk for infl uenza severe enough to result in hospitalization. Overrepresentation of an industry sector in the EIP dataset may be related to demographic and underlying health characteristics of the sector's work force that put them at increased risk for acquiring infl uenza and for being hospitalized with infl uenza, but it may also partially refl ect occupational risk factors for infl uenza (e.g., exposure to ill members of the public). Because the EIP data only include cases, it is diffi cult to assess the potential reasons for overrepresentation of certain industry sectors, but general population estimates of potential contributing factors based on 2010 NHIS data provide some clues. We examined 4 factors for which data or expert consensus suggests associations with hospitalization (or severe outcomes in general) caused by infl uenza: underlying medical conditions (4, 7, 8) , current smoking behavior (8, 9) , low income (10) (11) (12) , and timely access to primary care (8, 10) , as measured by reporting a usual place to go for health care.
For example, the most highly overrepresented groups of workers among EIP cases, transportation and warehousing and administrative and support and waste management and remediation services, also had the highest prevalence of some unfavorable demographic characteristics, which might place them at increased risk for infl uenza-associated hospitalization. Workers in the accommodation and food services sector were also overrepresented among EIP cases. It seems logical that these workers may be at increased occupational risk for acquiring infl uenza because of their high level of interaction with the general public, but NHIS data also suggest some demographic factors that might increase their risk for hospitalization because of severe infl uenza (e.g., low earnings, smoking, lack of access to medical care).
On the other hand, variation in underlying health status, socioeconomic status, and access to health care by industry group does not appear to explain all of our fi ndings regarding overrepresentation of groups among hospitalized infl uenza case-patients compared with the general working population. Health care workers are overrepresented among EIP cases despite being relatively healthy and having relatively high earnings and access to health care. Construction workers are underrepresented among EIP cases despite having relatively low earnings and access to health care. These workers in construction might have a relatively low risk for acquiring infl uenza because of low interaction with the public.
We also found some industry sectors in which we would expect a relatively high level of interaction with the public (e.g., public administration, education) that were not overrepresented among EIP cases. Even if these workers have an increased risk for acquiring infl uenza from the public, they might have a low risk for progressing to severe infl uenza requiring hospitalization because of their relatively high earnings and access to health care. This study has several limitations in addition to the major limitation of relying on a secondary data source (NHIS) for information on the characteristics of workers by industry sector. No useful information on work status was available for 22.7% of EIP hospitalized infl uenza case-patients. This fact likely refl ects the inconsistency of occupational data available in typical hospital records. There is the potential for misclassifi cation of work status and, among workers, misclassifi cation of industry sector because of inconsistency in narrative data recorded for occupation. Although we called the variable we collected occupation, there were more entries that refl ected codable industry sectors than refl ected codable occupational groups. Thus, we only reported results by industry. Furthermore, in most cases, the available information only enabled industry to be coded at a broad, nonspecifi c level. For example, it was impossible to distinguish whether many of the health care workers worked in inpatient or outpatient settings.
Our study examined systematically collected infl uenza surveillance data according to occupational variables. Benefi ts of using data from the EIP program include laboratory confi rmation of infl uenza and representation of a large population from geographically diverse areas in the United States. Although we were able to identify specifi c groups of workers that were most heavily affected by severe infl uenza during the 2009-10 infl uenza season, more research is needed to understand the reasons for the increased incidence of severe infl uenza among specifi c groups of workers. Concurrently, any interventions that focus on these groups of workers should be evaluated for effectiveness and effi ciency.
